The CMS experiment at the LHC, CERN, will operate the largest tracker in the world entirely made of silicon detectors. The collaboration is facing the quality assurance work to prove the reliability and performance of the various parts produced by industry. A status report of the CMS Tracker is given, including the validation of single modules up to larger integrated sub-structures.
I. INTRODUCTION
C MS (Compact Muon Solenoid) is one of the two general purpose experiments at the Large Hadron Collider at CERN [1] , [2] . The apparatus is designed to detect new physics in the T eV -range (Higgs physics, Super-symmetry, Extradimensions).
To reach this goal a robust tracking and vertex reconstruction is necessary in the strong magnetic field (4 T ) and in presence of a high background of minimum bias events (up to 24 per bunch crossing at high luminosity). Since silicon sensors enable a fast read-out and are tested to stand the harsh radiation environment (up to F eq = 1.6 · 10 14 n 1MeV /cm 2 ), a solution, entirely based on silicon detectors, was chosen for the CMS Tracker. The Tracker is composed of an inner Pixel Detector with outer radius of 10.2 cm surrounded by a Strip Detector, ranging up to a radius of 110 cm. The Strip Detector consists of 6052 thin (320 µm) and 18192 thick (500 µm) single-sided silicon micro-strip sensors with a pitch ranging from 80 µm to 205 µm and a strip length ranging from 6.6 cm to 11.7 cm. This results in a total active area of TIB TIB TIB TIB TIB   TEC TEC TEC TEC TEC  TOB TOB TOB TOB   TID TI I  T more than 200 m 2 and nearly 10 million read-out channels. In the first integration steps 31 different types of modules are produced, which consist of a carbon fibre frame, one or two sensors and the front-end hybrid containing the read-out electronics. These modules are mounted on larger frames with geometries depending on the location in the Tracker. In the Outer Barrel a ladder structure ('rod') was chosen, the End Caps have disk segments called 'petals', and for the Inner Barrel complete half-cylinders are equipped with detectors and electronics. These sub-assemblies are then put together to form the sub-detectors of the Strip Tracker, which are the Tracker Outer Barrel (TOB), the Tracker End Caps (TEC), the Tracker Inner Barrel (TIB) and the Tracker Inner Disks (TID) as shown in Figure 1 . The Pixel Detector will be placed inside the Inner Barrel after the first test run. The barrel has three layers with radii of 4, 7 and 10 cm and in total 48 million pixel (100 × 150 µm 2 ) with 300 µm thick silicon as the active volume. There are two pairs of disks with additional 18 million pixels (see Figure 2 ). Both detectors are situated within the 4 T magnetic field of CMS and an active cooling system will keep them at a temperature of −10
• C for most of the time to reduce leakage current and reverse annealing effects of the silicon sensors. steps and the quality assurance thereafter. More than 24000 silicon sensors have to be inspected and assembled to about 15000 modules. High precision and reproducibility is achieved using automatic assembly robots in clean room environment. The front-end hybrid production had to face three severe problems in the past year. The quality control found broken electrical lines near the connector of the flat kapton cable. The production was stopped and a stiffener was introduced so that bending near the connector could be avoided. Another stop of the production was caused by the occurrence of bad bond connections made by the supplier. This was cured by optimising the bond parameters. In April 2004 open vias were detected on some hybrids. One affected via is on the reference voltage line. An open there causes the read-out chip (APV25) to charge up slowly and a large drift of the pedestals can be observed on a time scale of more than 10 minutes. Since not all hybrids can be tested for such a long time, the problem was identified at a late stage, when a significant number of potentially defective hybrids had been fabricated. The problem has been thoroughly investigated: the hybrid consists of two kapton circuits glued together. During laser drilling of the 100 µm wide vias, the softer glue melts faster and a cavity might form, which can hardly be covered by the metallisation. The solution, which has now been qualified, is to introduce a third kapton layer, which stabilises the via, and to increase the via diameter to 120 µm. In total 3799 good hybrids have been produced so far and 2602 were rejected because of the via problem. It was already shown that the production is able to sustain a rate of 1450 hybrids per month. The delivery of the thin strip sensors by Hamamatsu is completed. The quality of the thick sensors, delivered by ST Microelectronics, has much improved during the qualification period but a degradation in terms of leakage current has been observed on some sensors, which might have its origin in a kind of microcorrosion at the guard/bias rings (see Figure 3) . Distortions of the metallisation edges affect the field line distribution and thus can increase the leakage current. The production at STM was stopped and Hamamatsu started producing thick sensors with excellent quality, but with one month delay. The module assembly centres have produced 2841 modules, of which 2345 are already bonded in the 14 bonding centres. During this first part of the production the yield was 94 %.
With these modules the production of larger sub-assemblies has started for the four parts of the Tracker (see Petals in the TEC (see Figure 4 (a)) are equipped with up to 28 wedge-shaped modules, the rods (Figure 4(b) ) of the TOB are populated with 6 single modules or double-sided pairs. Halfcylinders in the TIB are equipped with up to 54 modules, and the TID contributes six small disks with three rings. These super-modules are thoroughly tested at the assembly centres, which check the electrical connections, measure pedestals and noise, take calibration pulses, perform long-time data taking and cycle the temperature [3] . There are two assembly centres for rods at UCSB and FermiLab, and for petal production one centre is operational and six in preparation. One centre at Pisa is responsible for the TIB-modules. At the moment there are about 200 cabled rods and 10 petal frames produced, of which 10 and 4, respectively, are equipped with modules and operational. From the TIB there is also one complete half-shell operational.
III. BEAM TESTS
The first super-modules produced were also tested in two 25 ns-test beams at the SPS, CERN, which took place in May and October 2004. In May one front and one back petal from the TEC (at low temperatures) [3] and in October the half-shell of the TIB (at around 15
• C) were operated successfully. As an intermediate step between a rod and the TOB the Cosmic Rack (see Figure 5 ) was designed and built at CERN. It provides support for 20 rods arranged in two slightly overlapping columns, where one is tilted by 8
• with respect to the other: a geometry similar to a slice of the Outer Barrel. The mechanics allow easy connection of power, optical fibres and cooling, and can be complemented with scintillators that provide the trigger for cosmic muons. This setup is devoted to the development of the data-acquisition system, slow control and monitoring system, tracking and alignment software, and to tests of new hardware. Up to now, the Cosmic Rack has been operated successfully in the two beam tests in May and October. In both occasions, one column only was partially equipped, housing two double-sided and four single-sided rods. In May, data were taken at room temperature and the system was mostly used to test prototypes of the final front end driver (FED9U, see [4] ) and final power supplies. The configuration of such a complex system with about 26'000 read-out channels was investigated in detail and improvements have been applied for the second beam test. This test represented the first validation of the system at a level of complexity that is significant compared to the whole tracker, and allowed verifications of the noise performance (∼ 2000 e − in deconvolution mode) and of the grounding scheme. In the October beam test the rods have been tilted by 6
• with respect to the beam and an insulation allowed operation at low temperatures. This time, data acquisition software was used, which already makes use of a prototype of the final Run Control and Monitoring System (RCMS) [5] . The modules showed signal over noise values between 20 and 24 in deconvolution mode and at 300 V bias voltage. A voltage scan showed that an over-depletion of about 100 V above the nominal full depletion voltage of 200 V was necessary to reach a plateau in signal over noise. It was also possible to reconstruct tracks with the standard CMS analysis (ORCA). A simple fitting of hits and subtraction of the residuals gave a preliminary resolution of 36 µm with inclined tracks (see Figure 6 ).
IV. INTEGRATION OF THE TRACKER
The procurement of the mechanical structures is advancing without major problems. The delivery of the Tracker Support Tube was celebrated in September 2004, the assembly of the TOB wheels is in progress, the carbon fibre structures are available for the TEC and TIB half-shells are produced. The integration of the super-modules into the support structures is foreseen for 2005. The commissioning of the sub-detectors can profit from the elaborated DAQ system (see [4] for the Front End Driver and [6] the end of this year (2004) . A large effort was put on the improvement of radiation hardness and, finally, in spring the decision was taken to use n + -strips with p-spray isolation on oxygenated n-type silicon (see Figure 8) . The pixel read-out chip was considerably modified by changing from DMILL to deep sub-micron technology, but the external operation stayed the same. The power consumption is now down to 29 µW per pixel. In a 25 ns-beam test it could be verified that the inefficiency is reduced below 1 % (with DMILL was about 5 %) with the new chip.
VI. CONCLUSION
The Strip Tracker Collaboration managed to recover from some technical difficulties in the production. Most of the assembly centres are now ready for an efficient production and the mechanical support structures have been delivered in time.
The assembled super-modules (rods, petals, half-cylinders) have been thoroughly tested both at the assembly centres and at beam tests with satisfying results. 
